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TAPERED FLAT SPRINGS 


The general area of variable section cantilever beams is closely related to the flat, 
mechanical springs of special interest to designers. The three most important con¬ 
figurations are shown in Fig. 21.3. Out of these the simplest case is that of a 
triangular spring, Fig.21.3a. The bending stress at the built-in edge is 


S = 


6PL 
Bh 2 


The corresponding maximum deflection under load P is 


( 21 . 11 ) 


6PL 3 
V ~ EBh 3 


( 12 . 12 ) 


The deflection to cause yield stress follows directly from Eqs. (21.11) and (21.12) 
L 2 S W 

V = V ( 2L13) 

In the case of a trapezoidal type of a mechanical spring, Fig. 21.3b, the analysis 
is somewhat more complicated and requires the introduction of a taper factor /? T , 
plotted in Fig. 21.4. The relevant deflection at the free end of the spring is then 


V = 


PL 3 /? T 
EBh 3 


(21.14) 


Note that for 6 = 0, Fig. 21.4 yields /3 T = 6, so that Eq. (21.14) reduces to 
Eq. (21.12). On the other hand, when b = P, Eq. (21.14) reduces to a standard 
deflection formula for a cantilever beam with uniform rectangular cross section. The 
formula for the bending stress at the fixed end is the same as that for Fig. 21.3a 
and c. Hence, the deflection corresponding to the yield stress, for the case shown 
in Fig. 21.3b, becomes 


V = 


L 2 S y f3 T 

6Eh 


(21.15) 


Finally, for the case of a cantilever spring of uniform width and a parabolically 
varying thickness, Fig. 21.3c, the maximum deflection is 


8 PL 3 
V ~ EBh 3 


(21.16) 


In terms of the yield stress developed at the built-in edge, the deflection becomes 


V = 


3 Eh 


(21.17) 


In designing the spring configurations shown in Fig. 21.3, normal procedure should 
involve selecting the working stress at the built-in edge before deciding on the 



